Breheny, 2012), there is a growing need to reliably characterise the distribution of diversity 104 across meta-populations. 105 As well as facilitating the assessment of genetic diversity, sequence data from a diploid 106 genome assembly can be used for reconstructing demographic history. For example, studies required. In this study, we used a combination of 10X Chromium sequencing and Hi-C based 144 chromatin contact maps to generate a chromosomal-level genome assembly for the species. 145 We additionally resequenced six individuals from across three captive populations to generate 146 a panel of genome-wide SNPs. The resulting data were used to investigate the strength of 147 chromosomal synteny between oryx and cattle (Bos taurus), elucidate patterns of diversity 148 between mammalian species and across captive SHO populations, and reconstruct historical 149 demography of the oryx. We hypothesised that: i) SHO and cattle would display strong 150 chromosomal synteny given relatively recent divergence times; ii) levels of diversity in the SHO 151 would be low compared to other mammals, considering the species is extinct in the wild; iii) 152 intensively managed zoo populations would display higher levels of genetic diversity than 153 largely unmanaged collections despite having smaller population sizes; and iv) patterns of past 154 population disturbance would coincide with known periods of climatic change in North Africa. 
Materials and Methods
Sampling and DNA extraction 156 Liver tissue and peripheral whole blood were collected from a male scimitar-horned oryx 157 (international studbook #20612) from the captive herd at the National Zoological Park - 158 Conservation Biology Institute in Front Royal, Virginia, USA. This individual represents 159 approximately 15% of founders to the global population documented in the international 160 studbook. Whole blood was collected into EDTA blood tubes (BD Vacutainer Blood Tube, 161 Becton, Dickinson and Company, Franklin Lakes, NJ, USA) and stored frozen until analysis. 162 Total genomic DNA was isolated and used to generate the de novo reference genome 163 assembly (see below for details). Additional blood samples were obtained for whole genome 164 resequencing from six individuals representing three of the main captive populations: the EEP 165 (n = 2, international studbook numbers #35552 and #34412), the SSP (n = 2, international 166 studbook numbers #33556 and #111029) and the EAD (n = 2, for further details, see Table   167 S1). EEP blood samples were collected by qualified veterinarians during routine health only biallelic SNPs using BCFtools v1.9 (Heng Li, 2011). We then applied a set of filters to 243 obtain a high-quality dataset of variants using VCFtools v0.1.13 (Danecek et al., 2011) . First, 244 loci with Phred-scaled quality scores of less than 50 and genotypes with a depth of coverage 245 less than five or greater than 38 (twice the mean sequence read depth) were removed. Second, 246 loci with any missing data were discarded. Finally, we removed loci that did not conform to 247 Hardy-Weinberg equilibrium with a p-value threshold of <0.001 and with a minor allele 248 frequency of less than 0.16 to ensure the minor allele was observed at least twice. (Table S2) ancestor between two alleles. The inverse distribution of coalescence events is referred to as 287 the instantaneous inverse coalescence rate (IICR) and for an unstructured and panmictic 288 population, can be interpreted as the trajectory of Ne over time (Chikhi et al., 2018) . To estimate 289 the PSMC trajectory, we first generated consensus sequences for all autosomes in each of the 290 filtered bam files from the six re-sequenced individuals using SAMtools mpileup, bcftools call 291 and vcfutils.pl vcf2fq. Sites with a root-mean-squared mapping quality less than 30, and a 292 depth of coverage below four or above 40 were masked as missing data. PSMC inference was 293 then carried out using the default input parameters to generate a distribution of IICR through 294 time for each individual. To generate a measure of uncertainty around our PSMC estimates, 295 we ran 100 bootstrap replicates per individual. For this, consensus sequences were first split 296 into 47 non-overlapping segments using the splitfa function in PSMC. We then randomly 297 sampled from these, 100 times with replacement, and re-ran PSMC on the bootstrapped 298 datasets. 299 To determine the extent to which the PSMC trajectory could vary, we scaled the coalescence 
Results

319
Chromosomal-level genome assembly 320 The genome assembly of the SHO, generated using both 10X Chromium and Hi-C 321 technologies, had a total length of 2.7 Gb (Table 1) 12 Genome synteny 341 To explore genomic synteny between SHO and cattle, we aligned the 29 chromosomes from Figure S1 . 360 Mitochondrial genome assembly 361 We used the whole genome resequencing data, together with a publicly available mitochondrial 362 DNA reference sequence to assemble the mitochondrial genome for the six focal SHO 363 individuals. An average of 1,211,796 reads per individual mapped to the reference sequence 364 (min = 27,178, max = 5,663,594), equivalent to an average mitochondrial sequencing coverage 365 of 3487 (min = 342, max = 7934). Across each of the six consensus sequences, a total of 125 366 substitutions were identified, with sequence similarity ranging between 99.5 to 100% (Table   367   S4 ). Individuals from EEP and SSP breeding programmes each displayed a unique 368 mitochondrial haplotype whilst the haplotypes of both EAD animals were identical. 369 Furthermore, we identified a total of five control region haplotypes, five 16S haplotypes and 370 three cytochrome b haplotypes. To place our mitochondrial data into a broader context, we 371 compared the control region sequences for each individual with 43 previously published 372 haplotypes. Visualization of the haplotype network revealed that all five haplotypes from this 373 study corresponded to previously published sequences (Table S1 ). Haplotypes from the four 374 EAD and SSP animals clustered together on the left-hand side of the haplotype network, whilst 375 haplotypes from the two EEP animals clustered separately on the right-hand side of the 376 network. This suggests that a reasonably wide proportion of the known genetic diversity for the 377 species has been captured ( Figure S2 ).
378
Genetic diversity 379 Next, we investigated the level of variation in the SHO using two genome-wide measures. Our 380 estimate for nucleotide diversity ( ), the average number of pairwise differences between 381 sequences, was 0.0014. Average genome-wide heterozygosity across all six individuals was 382 in line with this, at 0.0097 (Figure 2A ). Whilst this is lower than values estimated for mammals 383 such as the brown bear and bighorn sheep, this is considerably higher than estimates for 384 endangered species such as the baiji river dolphin and the cheetah. Furthermore, given a 385 census population size of around 15,000 individuals, this level of diversity is in line with that of 386 species with similar census sizes such as the orangutan and the bonobo. Among individuals, 387 genome-wide heterozygosity ranged between 0.00076 and 0.0011, with animals from the EAD 388 displaying the lowest levels of genome-wide heterozygosity ( Figure 2B ). Diversity estimates 389 for animals from European and American captive breeding populations were similar, with 390 American animals being slightly more diverse ( Figure 2B ). Genome-wide heterozygosity also 391 varied across autosomes, with some individuals displaying larger variance in heterozygosity 392 than others ( Figure 2B ). Using our estimate of genome-wide heterozygosity as a proxy for , 393 and assuming a mutation rate of 1.1e-8, long-term Ne of the SHO was estimated to be 394 approximately 22,237 individuals. can be found in Table S1 . 405
Demographic history 406 To investigate historical demography of SHO, we characterised the temporal trajectory of 407 coalescent rates using PSMC. The PSMC trajectory showed the same pattern across all six collapsed heterozygosity due to the presence of numerous alternative haplotypes. Second, we 501 detected over 8 million high quality SNP markers, which given the small discovery pool of six 502 individuals is relatively high for a large mammalian genome. Third, our estimates of genetic 503 diversity were appreciably higher than in other threatened mammalian species. 504 These results are in some respects surprising given that the SHO underwent a period of rapid 505 population decline in the wild, followed by a strong founding event in captivity. However, the 506 species has bred well in captivity, reaching approximately 15,000 individuals in the space of 507 several decades. This is likely to have reduced the strength of genetic drift, which alongside 508 individual-based management, may have prevented the rapid loss of genetic diversity. This is 509 in line with theoretical expectations that only very severe (i.e. a few tens of individuals) and We have generated a chromosomal-level genome assembly and used whole genome 590 resequencing to provide insights into both the contemporary and historical population of an 591 iconic species of antelope. We uncovered relatively high levels of genetic diversity and a 592 dynamic demographic history, punctuated by periods of large effective population size. These 593 insights provide support for the notion that only very extreme and long-lasting bottlenecks lead 594 to substantially reduced levels of genetic diversity. At the population level, we characterised 595 differences in genetic variation between captive and semi-captive collections that emphasise 596 the importance of meta-population management for maintaining genetic diversity in the 597 remaining populations of scimitar-horned oryx. 
